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(54) NITRIDE SEMICONDUCTOR LIGHT-EMITTING ELEMENT AND ITS 
MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor light-emitting element which can improve 
the external retrieving efficiency of a light to be emitted 
from a light- emitting layer, and to provide a method for 
manufacturing the same. 

SOLUTION: The nitride semiconductor light-emitting 
element comprises: a first conductivity-type nitride 
semiconductor layer; the light-emitting layer; and a 
second conductivity-type nitride semiconductor layer 
sequentially laminated on a translucent base in which a 
first conductivity-type electrode layer is electrically 
connected to the first conductivity-type nitride 
semiconductor layer and a second conductivity-type 
electrode layer is electrically connected to the second 
conductivity-type nitride semiconductor layer. The method for manufacturing the same is 
provided. 
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mmmcrMM] 

taw tft^swi 1 5Kt jb t stawasMiaifiR* 
oG*»^*4ifct«ai:-*-4 if am 1 \zim^mm 

T^* i k ^f&kf 1 4fc)4 2 te£*0>SMfc 

[ it^tQ 7 ] Mtt k ^-^*affi-f wm&m 
m t comzB&ztix v > h mm-Mmmmmmwy 

iztm^mimmTmfaztytm?* 

■s n&s i &e> 8 «v ^m^(=saa«aflSH*4^w*c» 

[ft*iR 1 0 ] HffiE&«liJlfl»i, ^5 ( P 

d ) „ — y 5~)V (Ni ) , fi^ (Pt) , Cfi/^A (R 
h ) , /t-f — >>A ( R u ) , tXSW ( O s ) s >f U 

( I r) N (Hf), (T 

i ) , T/kS— ^A (A 1 ) , AJjy-JVJ* (Sc), 
y/W^^A (Zr) tSitA^S*^ (V) J^Sr* 
S*»^a(f*Lft^«5r< k t— «WASI&*tri k 

[if*ii 1 1 ] msffimwm. mm (zn>^ 

yis^M. (In). XX (Sn), V^-S^A ( M 
g) . ^HS^A (Cd), tf'J^A (Ga) *5j:tf« 



( P b ) X "95r*»*»^aif*L4il«3r< k t>-«^>7U« 

[ if 3£S i 2 ] tf ?m i tie»c7)M^^^#;^ 
wi^^-rsxgk, tffiam-^maM^^^ 

[ t f 13 3 mmmmm^j: < t «, -95 & h^-t 5 

[ if s»h 1 4 ] ffriaffis 4 s i mwx-h ^zt^mm. 
t-tm^m 1 3 ££tta£fl^$¥#fe%f»? «K 

[if im 15] MIS s i 7 vfotfmwtbWRb 

*^tsm&mfrt>%h^vi->ymzz. mib 

x>/fXh 77lt LTMIBS-fr* i k £#®k-T£if 

^« 1 4 izim<vmm&^ibmmT<nmm-%m. 
imsm 1 6 ] MEm--mmmm.-tmm¥Mfom±.iz 

00-70 0 °cx-?&mm$:fttt 0 TMZ&ts z t z^m 

imsm 1 7 j mmm-mmmmmmm ku, ti 

rk^#mk-rsif*Jii 2^4. 1 6^)vi-f*u&»fcEa 

[ i»^n 1 s ] mmm-mnmmnmmco^ < k t, 

ffni^ 1 7 ^^jxMzimcomm^mw^ 

imsm 1 9 3 mtm-mnmmwMm±iz^ ym 

h 1 8^^iiMzim<^mimm^m^tftm^com 
mum. 

nmm2 0 3 mim-mmmmnmm±izmm&m 
m*jimt'&Tm*itttzk*w&b-9-hnxmi 2*> 

h 1 80V^^X3&HclBKoa-fkll^^#c^*»-?«« 

[ mem 2 1 3 mimyt^mmt. mmmmt tziz 

B*>f>ia^^< k 1 1 IHH<«5rffitcJ: O^JtS^x 

s i k k r * if ass 12^20 <o v e 
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mw&mmt lx mmmimmmm^ *xs&m*m 

[000 1 ] 

n x A 1 y G ai - x - y N : O^x, OSyiij;V'x + y< 
[0002] 

[«£*<Dgcffi] WHHF 1 0-2 70 76 1 

■y7~aV99 Ml 0 1 „ plGaNU02, 

10 3, nSG aNHO 4 iSi: T/nflMH 105 jWK 

[0003] i^flaw^itoRiNWtcfKeami, a 

(H^-f) itnlGaNfl 04. vSttJl 1 0 3& 
illtplGaNgl 0 2£J«^JBLT^fW*JiSfI£ 

h£t D^-TV^N i t AucO-^jiT-fc^pS^-S -/ 
tayf-rvmiQ 1 SrpMGaNJgl 0 2c?)±B£a 
fcK(t«. iKfc, Ag^-xii^itttSfffJtJ; 
0. pI*-S7?3>?? hSl 0 lco±B^SS 
fist LTA OOfcASOoH-g. t7T>f 

lGaNil0 4«IIC l ittiB'TiUuCO^i 
IK=5rl.iiffltil 0 5*^-y-y^TBiKL,7:ff 

[0004] JJE*>«fc 0 5tfe#WSfl^SW^Wfcf&3t9S 
^fctjvvtfci, SM10 3KA 1 SSI 0 OMfcrft 
StSftfcSEIi, P^GaNJBl 02tpft-S7?n 

iGaNfl 0 2 i:pSbj-— 5 ^ny?? hSl 0 1 

fcfl5#WStctstt*R«J(tt:^:# KttZix&Zt btt 
h> LfrL. pS*-S y?ay?7 hMl 0 UiN i 
t A u CO-^JI^ felt S&ZfiX V p IG a N M 1 

0 2 £ CD$mX (DmWtfM < , t"O^PRJK£ 

[ o o o 5 ] ^-yr^rmmmm^zi: <o^iz 



nlGaNfl 0 4*W®tC«fc D^*§ilT Li 3 
atjW^t^iafcsS^^W-sTnMGaNJil 0 4 

^v^oii*^. *Si0j& i 3l<. «3tnxht±# 

[0006] 

[?6«!i?&LJ: 3 i: fSHS] ±I3*flNc*»T#?ft 

comt-xm imm-z <r £ £ g6<jt its . 

[0007] 

m^rn bo**. ±sm-mmmm^m^mi^m tut 

[0008] :;t, ^BJcOS-ft^^*^*-? 

pin on Glass) fyhtzh Zb&itt. 

, soGi <;ttftKm£fcttWfflKtf'£%^3ft 
fc^Kffc^-f SSr^x^itEftMff-S ; b izi. ->X 

[ 0 0 0 9 ] 4fc, *ffiBB«aMk«fiMfMWfcf63iaf?tc 
[ 0 0 1 0 ] 4 ft, ^ISW^^iHflmWcSKieR^fc: 

^mi^mxh o , ^n#BMa-fL%*^»#;Ji{± nM 
com-itm%¥mfomx*fo h ^ t l v \ 

[ 0 0 1 2 ] iiT, S*ffiS*tm-W«MMlt!f^ 

^»*Jit comzBj&ztix^&±ism-m'mmnm 
[ o o 1 3 ] 

b comzm^ tix\i& ±m im-mmmmw&m 

cr>'J>-%< b i>-mtfMBmz&i&ZiiX^$> Zktmt 

[ooi4] * ft, ^fBw^afkftaw^w^fteiaR^tc 
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[0015)^, xminmim&mfommtt 

[0016] :;t, ±te^JBfif JRJHii^^^^A ( p 

d) , --y^P (Ni) , St(Pt) , Cf^A (R 
h ) , )Vr-*7l± ( R u ) . ^XS^ ( O s ) . >f U 
^>7A ( I r ) , /\7—VJ* (Hf ) , i-?y (T 

i ) , r^S— ^a (a i ) , x^y-j^M, (Sc), 

i^rj-^A (Zr) fciVVI'ty^A (V) i^jrl. 

[0017] Xt&ifBJlaSmiliiffifpJ ( Z n ) , -f 

(In),XX(Sn), A ( M 

g) . ^H'S-^A (Cd) . #'J^A (Ga) tJ±t^» 

(Pb) ±D&ftSj^aHfftS4»Sr< t ^-ffl07C* 
<?5iWfc!Hlli'fttfi fcj6*Jf 4 tv\ 

[0018]**:, #»3»dU JJEaftflflMNWfcfft* 

nmmzmf&thjmt. ±Mm-mmmmmmm±.iz 
mmtmfczmm-r bunt ti&mfcwii&mtosm 

[ o o 1 9 ] i;t, ^M^aftsB^fi^Nwicaje*? 1 
[0020] ^minmmik^mwwtmi-e) 

W4U\ 
[ 0 0 2 1 ] ifc, 

Mb ^W^i^fe^sx 7fy/«(:i 9 U 

xtas i *«±t«s§^mx»*aa-ft!i*^^«* 
ji^x - y f-x h >y rm b txmm^t z b l 

[ o o 2 2 ] ^.wmm\mn^mw-wm^ 

-700 °CTMS£fi : & o Xg£ -&tf £ t tfjffi L 
[ 0 0 2 3 ] *«^Sfl3»flWH^fB(aE^ 

»t*ffi(±, ±Mzm-mwm.mwmb lx. 
[0024] 4*^atfisiifiR¥»*»3(af^ 

[0025]**:, *^BJ!^Mfl:«*»*^*XcO 



[0026] ttz. *minmftto&mfc¥&t&?(?> 
mitt sig^tti ■£ ta*i?4 u\ 

[ 0 0 2 7 ] 4fc. *^O^t»*«#:^3t«^0 
^(iSOG (Sp i n on Glass) 

SISttWJIWKftflfiOoftft^rifeJ: 0 &ft3¥^3i(fftft^ 

[ o o 2 s ] a*:, ^m&mwimftomaFFn 

SSW^-S*Si 9&ft8^jSJfftft4»£< fctlffiB 

[0029] 

[00 30 ] (jSftttSft) 3t^6^BcO»flS«iaMNI«c?ft 

(4(i t ^ t* ®JR§tL4 i b % < it3ett»ftfcAflt u . it 
-Tit ^JT" # ft fctf> . 5BtS3&» 6 sat § ft ft *<^§HK 

3&^jsatsfL&ee*>*4ftft. 

[00 3 1 ] *S6«fcfflV^*t4jt3l5iHt*<?5tr«fc L 

t a . # t us® ± § ft -rfi£*3&> ^ ^ai«o3S3etttm**ffl 

ft^ fc**jff* itM5ttttlH»soG^j«#ffi(iaE 

3tettffiiM^ s o G^tcfc t £(f ffi«*^««^s3ft*m 

T\ ®*KffitI!<0«|(i: LT«4. WfcRSS^. JJE 

^tt^tta^^rr ft mfre>£9anmm<m^ *>im 
ft *« , fm\mmm& mmmmimmmx-h 
^■»4Lv^ i«*§^r«4, jm&mifczkiommizi? 
; t ft «t 3 t^^rft . mmftsmwit lx 
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£ (4 h y 7 x — )V7.jVits — V A.^ir y n y =r -X y 
4 tz l±^K io <Di^fi1> & W3t * 3S3tettSttcMH3&» 

r> aj-rc t x\ ^^mtimt lx 

-feSBfe«50®3t#:, Bft^BfcfiDgbftt: 

fcilXfcfZnS : Cu, LiAl0 2 : Fe 3 \ Al 2 0 
3 :Cr, Y 2 0 3 :Eu 34 , Y (P, V) O, :Eu 3t , 
Y 2 0 3 : EuSffl, Y 2 0 3 : EufiJKtttYjOjS : 
E u iOtffci; <9M-£#^£ffl v i f: ±tz. 
ffi&ftytOMftfab LTi4. fci: ifcf Z nS:Cu, M 
ru (Zn, Cd) S : Ag, ZnS : Mn, (Sr, 
Mg, Ba) 3 (P0 4 ) 2 fSffl^,:t^'^„ S 
fc, Sfel&3tC0^3e*i:UT(±. tUlfZnS : C 
u, AU LaP0 4 :Ce3 + , Tb3\ Sr (S, S 
e) : Sm, Ce, ZnSiO,:Mn ! \ /3ZnS: 
Cu. Z nS : C u , Fe (Co), ZnS:PbZn 
S : C Z n S : C u , A l mytikb Y 2 A l 5 

O l2 : Tb£3^<?D»£*M$SrfflV>ft£fcji^S4. 4 
fc» »fef83fc^3ftfci: LT(4, fcfcifcfCaS : B 

i s ( S r , C a ) l0 ( PO, ) 6 C 12 : Eu'\ S r 
S:Sm, Ce. S r 2 P 2 0 7 : E u 2"\ fiZnS : A 
g, (Ba, Ca, Mg) l0 (P0 4 ) 6 C 12 : Eu2 + . 
3 S r 3 ( P0 4 ) 2 • C aC l , : E u^MtfcifcmZm^ 
l-it^l,. 4£. afe^3t«^#:t LT(±. tz 
t Z.l$ Z nO:Zn, Z n S : A s s ZnS:Au, A 
g, Al, C a 2 P 2 O v : Dy , C a 3 ( P 0 4 ) 2 ■ C a 
F 2 :Sb. 3Ca 3 (P0 4 ) 2 ■ Ca (F, Cl) 2 : 
Sb 3 \ 3Ca 3 (P0 4 ) 2 ■ Ca (F, C l > 2 : Sb 
s+ , Mn ! \ MgWO,, 3Ca 3 (P0 4 ) 2 ■ Ca 

(F, C l ) 2 : Sb 3t , Mn 2 + ffi»f^^l>;J: 

[00 3 3] ( m-»«MMMM¥z¥frJI ) #»Hfc: 
LTfi. HKsSI n x A l y G ai - x - y N ( OSx. OS 



yfcJ;tXx + y<l ) t^Sil^l^M^Cp 
S 4 tz i4 n So H y b A Sfifcfcotffflv^ft 

ifcaWiLvv, lit. P I«F-A>ist LTf4. 
C7^y-)i) , Zn (ffift) . Cd (#FS^A) 

[0034] ±£HR9$I n x A l y G ai _ x . y N 

(OSx, 0fiy&J:y ; 'x + y< 1 HCfcV^TxJil n 
OfflJSifcfcSU y(4Al«*&jjj£tf:£^-r o 4fc, *- 
#«aa-fbft^^#:S{i 1 Itftot fc ± < , 

[00 3 5 ] ( %£V ) *«Wfc:fflV ^*t4«3t«(4JB 

®fc UTJi. fctitf±EHR^I n s A l y G ai _ x _ y 
N(0Sx. 0Sy*3j:y ; x + y<l ) Z'$k*>Ztl&M 

iwm^mmm \.*t>tm&. 4 tz*mmzm v^tih 
i&tmn. mqw (^a*^#F) njeiifeiisQw 

MIliAlGalnN, GaNAs itfiGaNPf 

cr>HMcr> 4 7E4 tzii 3 7c^b h h t LT t> «fc v> „ 
[00 36] ($3tIIttI^M ) *IWHt= 

tLX\±, tzt*-\Z±M— jR^CI n x A lyGa^.^N 
(OSx. 0Syj3j:V'x + y<l) 
!ftifi¥#«£ p M4 i 4 n SO h' y V it®. A 3 titz 

*#cil{4 n MO F -A>b j6*gEX § fttz n fflOffi'ft;^ 

iWS i (^>f«) . O (SIR) . C 1 (**) , s 
(BSD . C 4fc(±Ge (^-7-^A) 

[00 37] ( m-*BMffl«ffiJl ) *560f!:cfflv hfi 

mnmmtomftxnffi %£k>%)^£ 

xz . mtmizi t )*a—£mm&&xr& - 1 & 
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[0038] m-mxmmmsMwp&K 1 

[0039] 4fc, LT(± 
[ 0 0 4 0 ] Jg-#«Mffl«ffiJl«i. ^RfiKJl 

[004 1] JJ&SBtKW*. Pd, Ni, 

Pt, Rh, Ru, Os, Ir ( H f „ T i s Al, S 

c Zr4Jit^vj:>3 ! Sr*»3&»featr#i4^ i ar<fcfc— 

[0 04 2] ±lffi8^®Btt. Zn, In. S 

n N Mg N Cd, Gaiiil^PbiOftftSj^^atf^ 

Off^LV^ ZnO . I n 2 O s 

dWfc-f^^A) . Sn0 2 (SftXX) . I TO 
( I ntSn«g«) fcit/MgO ( Bfft.V^i'"? 

[0043] ( JgX2»«Mffl««« ) *«HBfcffl^ 

fCtiWfcR^S^ftl*^, Pd , Ni 

(~. y ^) s Pt . Rh (n^A) „ Ru 

(y^-r>A) . Os (^iW) . Ir 
•M . Hf (y^^A) _ Ti O-fy) . Al (7 
/l/S-W) . Sc (X%y=J^J±) . Zr (^Pn— 

'J>-%< b i>-l«il^^tv^ -I t tf£ 9#F4 L 
^ f-itiffltlltS-Itii 
ASS***** t 0®Mffiffi#ffi <^r'9f#l)^i6. ^16 

[0044] ( ) 3^±lfr tJi&mS $ 



n. act. ±tB^-««Ma^»*«#:S±t±K 

n— ^mMfflmss^^-rs. act. ±Mm~mwm 

«#:%*«^ SrfHB-f S i t i *3 , 

LPES («fflxe^df^-ffi) . VPES (Mfflxb" 
f^-m , MOCVDffi (W«#«MffiJ^*ffi) , 
MBES (iH'i^Xtf^^^-S) s ^y-XMBE 

mttcos i 0 2 vx^^fflv^-ca«Srvx^L. 
fcSMfcftifi^NWMi BMW- * ; t ^T" IS. St.l 

IlKtMAlN, nllnAlNitlJplIn 
A 1 N^^^S^'-y 7rI^««LTM»*«ft 

^"T"A 1 N ?rl^*-r-i>1^2:«< ZbVTZ . SJtrJX 

h * $ ^ t ®M$^I> i i; *i?S S . 

[ 0 0 4 6 ] »-»«Safl3BflMNWMI±fcllS 

[0047] ^wmmm^mwmmi-co 
-ft^x .y y rmz x *) <r t § m 

7f 7/IJ:^S; W^HSWiSAU 
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[ 0 0 4 8 ] 4fc, ^IB^aflSBHMNWkaBias^O 

wmmwBZBf&Ltim, ■nx.^com^ 300—700 

tL<(i4 0 0 — 6 0 0°C. 5ttflL<IJ4 5 0- 
5 5 0 'CTt^SSrfi^ 5 JMZ&tfZ. k Tfoh . £<7) 

ft£ ; k A*5r< imrFeomJfflt* «£ "3 ft±£-t?;f#& . 

[0049] 4st. ^wmmmik*mw-%dm=F<?) 
«t 1 ^(i^Bj#mJi & mmt § xg * k 

[00 50] ^fi^aftSS0l*»*»3l9IE^ 
KiiTJ&ii. S-ieMtii(0'>4< k £>-§G£ffl 

$ ; k a*T S 5 i k s6>6 , SfoaJWflDl 0 t±J L^fc 

[ o o 5 1 ] 4^, *mwcDmim&*mfamtm?<7) 
m&$mt. sHnaiBtMity^ jbjs 

[0052] *^wffi^t:^^»*sbt*^ 

: P^)±TmH«it««fcf3W-4 - k ^ i k£> 
tilfK7-f 7 4)VI±VisX hW<01 0 O^emgjg^ff 



fdiSOG (Spin on Glass) 

turn, mmmmy 4>v^^^h-^maxxim 

£ , 5S*tttfiJl7 -f ;w*ts± WtjettWJIWKli k t fc^t 

* vvy-mm<^mkh^^(r>mimzx k> m. 

[ 0 0 5 4 ] ±§33&mNm&&f£iS-£&Jim 
3tettfSlifc LT«?«lftS«Ii^fflv^TJD»t-S7Jffifcj; 

[0055] ±MB&mmm<izm&\*m&x& 

Ik^l&ljmt LT(4, fcfci.trx,i«fi^BfilfcbUx 

7 9 )vmm<rmw^k<m.^M $.tz\±7x.;->vj'# 

JBft LTSRWtttafflit LT Wttffi* «fc 

xj^^MBfli. tr^/l/x^^/HBIitfe k ilf 

>f h'ny\°— 5j-^-9--f h\ i^'- 1 -7^)Vjs— i K 

±S^tS»LT4HF«IBI*lil^-*i4:tJ: Offllil*® 

[00 56] iOSRftfflttBiSffl^T J«R^4 

[0057]^, ±E«JMaSMS«fJltffl^T«*1> 
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[00 58] 

[00 59] ( HM^iJ 1 ) a 1 fc3f3fctt**l3»M5fflK 

1 0±tP d pSUBSSGUll 1 , plGaN^ 
£>%&pm.zi>?7hmi 2. plAlGaNKM 
Pl?7-yb'113. GaNKWAyrlt I nG 
aN£>£&&#FJf fc^^&IBtJIl 4 , S i P-7 G 
GaNKWni;5'7FSl 5*3«tt/Hf J:A 1 
6 & 4 n SSfflmffiJf 1 6 ^JltfSlJl $ tlX & *) , Plffl 
SffiiB 1 1 ±t« PdfcAut*^^plA'7FlS 
1 7^tTM$ixT^S 0 

[0060] JJlTfc, =t^«W»ftSftaMNW»c»3l3R 

tS i Ml 8±CA 1 N^^=5rl)A7 7 7il 9 , n 
m.9~>-/ HJfl 5. fBfclfl 4, pI7 7 7 HJB1 3fc 

plny^7 hJfi 2^gffiitplllili 1 1 L 

T, P d£ 1 0 nmc7)Mi¥T'«#t, K^ftfc^T 5 
0 0'CT-3^Pa1^»^ff^ 3 Zbl/Zj: *Q , pfflli 

J"*? bJBl 2b<nmm-MfmtZb htah* ifcfc, p 
MfflSffi/1 1 1 ±Jcja3Kfi*tt 1 0 fc LTS&JHWMfcS 

[006 1 ] ;^tc .rw^x^wfijHt jSTfett** i o 

colI^xi/^hny77?xtlu, 7 0%^)7 7l 
k 6 0%cr>$mk%ffiM$:5 : 2 : 2<50Jtt'^L^X 
•yf->-^»tcJ:DS i£Kl 8£ISfc£U 

k r-fe h ymco^mmmx^ ufhvyvvtxzm* 

•th. JJCtC, A 1 N*^^I.A*7 7rIl 9£rb'5-fx 

vj-yymzz. *)m£Lnm7 7-v vm 1 5<D*ffi£s 

EI 3 {±.1 c^flrco^x; \C7)^^^ LT t ■» 

S^OUtE*? ? x; n i: L T 131 0 St 3 £ i: 4 <, 

H4fcijrrj:3fc, SffiS-frfenM 
? 5 >y Kg 1 50flB±(CH f^nm, A 1 2: 2 0 0 
n mCOmmrWM LX nMffl«»I 1 6 ZBtfrtZ . £ 



& . 7 * h Ui/X M 1 0 U fttttr-f v->-^" 
tCi D300jix mftCDT^ $ . 0 5 (3±IB«0 

[00 63 ] zcox 5 izLximztLte*mmMcom.tt. 

-K7 k-AfCi-M tf> H-ttiBf , f63ftf 1 4 
3t14** 1 0 «t»«S*Lfc3iai« k ^ iflRJKSn* i 

t & < a^eaf* i o izxm l , a^tt** i o jssrr 

E8tLfc»l;:M3l&ft*flc 1 0 §»> &*m«fcJK 0 JfJ 

(fcimm? zftmth - 1 * . , p smmffi 

Ml Hi, fcti.{f06 (a) ifc(i06 (b) tifrf- 
[0064] ( HSfcffl 2)07 fciMffllM SfflV ^fc* 

ami. mmmm^%&mitf!zmk2 o±t i to 

3&»fe=3r63aBB»Wi2 1 1, P d*^^S pfflffl*ffiJi 
21, plGaNKilipI^y^/' hJf2 2, pi 
AlGaNK4l 1 pI^77pl2 3, GaN^£>&- 
hsVJTmk I nGaNi^^S#FIJ;i^*SM 
B24, SiK-7"GaNK^I)nI^7 7Fl2 5 
fcil/'Hf tAlK^S nSfflIii2 6 iWK&WS 
§tLTJi "9 , pifflt«12UWiPdtAuii^ 
46pl/f.yHtffi2 7^'ffMSttTV^o 
[00 6 5] OTfc, *^^JoS-fb^^#*^S 

CIS iK^28±^A 1 NK^I.A'77rI2 9, n 
I??7h'i25, S63rS24, P l?7 y h'S2 313 

j;y'pi3>??M2 2j jii* wJiffM-r . mz , 

Play?^ hii2 2<?j^H±fcpMffl«ffiM2 ltt 
X. Pd£ 1 0 nm<7)^i¥T'^*L, S5tfitfcV^5 
0 0 °CT 3 ff =Sr o i t fc i 0 , p 

H2 1i:p®ay^^NJ|2 2i: «0£&ffc«l3*fP5: 
3 . i cO^-ftMC i o T p 21t P l3 
y?7 M2 2k<n9!mi3imtzk t%h, p 
MfflSffiB 2 1 ±(ciiq«W)f 2 1 1 fc Lxm» 1 0 0 

nm£7) i to^xa-7 ^ati WMts. zcr>mwm 
M2ii ^zwmmw2 o t LTa«flitt«jiB*it 

flit, 13 0XrC9 0 4MBBlflRLT*{fcS-£5. H8{i 

[00 66] ;^t, ■T<?) T 7xysi7)WBi:^ea#;2 0 
«iI5:il/7bny777XT'Il\ 7 0%«7 7 S 
t 6 0%cO5SSh*peSr5 : 2 : 2 tOitT'lM^ LJtx 
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v+yrmtzj: k> s 1112 ssiifcsu ainh* 

ft$i±-g>„El9(i£ <7)8m?<WxJ ^ttHS* L T u 
.ICDidtS I3HE2 8*^£fc:|ifc*LTfc, 38Jt 
ffiSIl^ £ & * 2 o k Sr * ft , 

stflfcofbE*^ k LTKt a i k h . 
[0 0 6 7] mz, mi otz^-txnz^ mm^^tfzn 

1^7 7 K12 5«*ffi±(CH f J 5 n m, A 1 £ 2 0 

0 n mCOmm~?MMLX nMffl««Ji 2 6 IffMtl. . 
c\ comm*. 8 0 iCEKfcJMJW-ft i k "CSW 5 

•y ^aa*t»4 i t 4 . 7 # h l-^x h 2 

1 0£ K5^fx>yfy/fc07X7}: LTflMLfc^, 
i-y^y^-r^-i:tJ;0pMffl«ffiJi2 lSIBSrffim 

ltSiS-frfcpfflfflmHl2 litPdkAuk 
& K«K2 7 d b l/z £ 

^fc J: ^oow m^eo;*^ § fc^fJ-T S .lntl 
[0068] i« j: a fc LTf^s*ifc*satw<9ttffc 

ftttSftc 2 0 M&Rft § *Ut: 3 k ^ t'pRiR § ix 4 £ 
k * < 3*14** 2 0 L , 2 0 JSfflT 

R«Lfc«fcjS3»se»ft 2 o ras^st^M^iK o m 

-t £ k jFT* £ ft , 16*11 2 4 £> JfcJW § 

[oo69] ( mum 3)012 izmm±.comtt,mm¥ 
ftm^commmcDM^m^mmmz^-r* mi 2t*jt^ 

^^-g»S*lt»#:3 0±t I TO*»<b5rftjW«M«3 
11, PdK4Spiffl«Si3h plGaNH 
Wpl^yj'? NJi3 2, plAlGaNK^Sp 
S?7>yHJl3 3, GaNi'^liA'iJTit InGa 
N^ftS#F®ka>£>:5:&2fe3£li3 4, S i F-7G 

mjbtob 3 6 $ ^it & 0 , p Mfflm 

A6B3 l±t:(iPdtAutK5:SpSA- 7 K®BS3 
[0070] KTCs *^*SM«fi^*¥#f^7i:« 

S i»K3 8±tS i 0 2 7Xn 1 2£JHff3 
0 0 nmT-JFM-rSo £<?)£;£, S i SK3 SCDKttJgP 
^'H^OO/tm^IE^kftO, ^OKftLitiEfi- 
fOS iSK3 8|al±«fai51^'3 OOwmtir)^ 



So 

[00 7 1 ] iJcfc, H14C^ti5t, SKLitSi 
*M3 8_ktA 1 Nj&^ft&vW 7rl3 9 , nl?7 
-yh'J!3 5, 3BEJ13 4, Pl?77b"l3 3fcj;t;'p 

Mn>-^^hJi32^ mmmzmimmmm.-r h . & 

t, pfflrjy?? ha 3 2fO*ffi±tpMffl«ffiJi3 1 
k LT, P d£5 0 nmcO^J¥T^*L, K^tffcfcV^ 
T 5 0 0°C-C3^ra»5aa&fir^ ^ £ k tc «fc 0 , Piffl 
flffiB3 1 k Plny^? Nil 3 2 k^iilTOl^fT 
=5rd . r W^ft«lt J: piffliSi 3 1 i: p! 
-ny? 7 Vm32bcr>W§l)i> i ntZbb%:%> <, mz^ 
PII1113 l±tj«fflW)f3 lULtlfflO 
0nm<?)ITOJXA 1 .y^(;j:^(gtS, £03BJ3 
W«J13 1 1 ±{cia*[4**3 0 k LTSBB-ffcttWM* 
MffiL. 1 3 0°CT'9 O^OJS^LTa-ft^-ti-S. Hi 
4ii£tfOapgt-<50^xy^^^^tTV^ . 
[00 72 ] act, £<7)^xy\<7)fimk5t*tt*#:3 0 

k 6 0%^0ffi'Kk7jCpK^5 : 2 : 2<0itCa^'UfcX 

yf^CAOSiltSS^i*^ A1NH4 
SyN'>y7rii3 9<7)^HSr^tH§-fr-S 0 icOk^SiO 

pMfflmaa3 i**jwj^4. -^^f*, /tk^tfr-tb 

^tiMTXl/? hnyy -y ^XSr^*-rs . £ 
CO £ o fc S i ££3 8 Sr^KiSLt t , 5i%tt8Mi 
*^^S5S*I4**3 0*i5a#a#:k^4^ft, ffiS^ 

l N*^*l,yN'>y7rS39SrK7-fx;>yf-y^tj: 

[0073] at, 01 5t^-rj:at, sms-tbtn 

I^77Hi3 5cOSffl±CHf ^5nm, A 1 2 0 
0 n m^WT^ LT n MfflmffiJg 3 6 fcjeMfctft . 

£«^*4i, 8 0°Cgm=J[BS-r.l»c:kT'mff^-5 

v^satfcswsit^-c**. act, stu?i±fcpMffl 

fl:ffiil3 l±CPdJ:Au}:Kil.plA"7 H«S3 
7&^-r-&£kti MMt§. iOHHtcfett*^ 
xy\co«®S:|l|i 5t:ft. Wi%Xz¥4 i^y^izX *) 3 
0 0 At m^^S § fciMWf 4 .116 (c±E« A 3 tc 

[0074] zco*. o izLxf^m^ttfz^mmmcomit 
-F7 i/-Amz7'j #y h-mcr, ^3tS 3 4 

3tettS* 3 0 «fcJfc»S*ufe3ia±J5 k ^ ifiRJRSnS £ 
k ft < SftttSft 3 0 C AW k , 3?ttt*#: 3 0 JgHT 

-r £ k § s ft ft , mm 3 4iF$>mtztL& it^v 

[00 7 5 ] ( ^»J4 ) EI 1 7 fc)SBWW«±fcA 1 
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Mfc4 o±lz I TOfrhtzhWmVMA l l . Pdi> 

pSfflWim 1 . pSGaNK^pS^y 

4 3. GaN^^^rSA-iJTJli: I nGaNH^^# 
Fl8bfyt>%;Z>?£%M4 4, S i F-7GaNi^4l, 
n|?7 7 b*JB4 5fciy'H ftAl ^G^SnSSl 

mm 4 6 swraaM ^t^i.. $ ^ ciajett** 4 o 

4>tCA 1A>74 1 3^'fflis62.tfLTV^„ 

■5 ICS ilfi4 8±CA 1 9. 
nl? 7 >y b*JI4 5 % 3£)£Jf 4 4 . pI?77M4 3 
«J:Vpl3y^^M4 2 ZMiRmzMimm&f&t 
h. &te. P l3y^^M4 2«iBB:pfflli 
JB4 1 i LT. Pd^l Onm^HtliL, Jt£+ 
fcjswr 5 0 0 < CT34HBBfeM!a*fT ! fit o £ fc J: 0 . 

piiiii4 1 bpm.?>?7hm4 2bco&&im 
mz^ pmmmmm4 i±.tzmmmm4 1 1 1 ltsi 

HlOOnmWI TOSrXyN-y^atJ: O^-TSo 

[0077] £<7)3fBB»«Jl4 1 l±tfl^7 0//m. 
it§*n 0 0//m(OA 1 A>74 1 S^Mtl,. ^cO 

a. stw»«S4 i ik:aia>74 n^iftatf 

i 3 fc LTSSSCttMM 0 b LXim(mx#*is9m 
ZmfiiL, 13 0 < C*C9 04J'M&bfMES-fri. *tf> 
f*. ji3tett»k4 OSrffilgL. A 1A>74 1 3CDSIH 

[0078] 'CWxystfOWffifc 3t3tf£Mfc4 0 

««^XI/^bny77^7t"SU, 7 0%C07-/|g 
i:6O%0flH»i:*»»S5 : 2 : 2^1fC^L^ 
•v^y7mz£<0S iMM4 8%mi;L. 

Hf T -t b >-^«*li^T-x l^bn^y^xSrlifci 
i^)J:afcSi*R4 8*^fcHs*tT«>, iS 

h» mz^ A 1 Nfrt,Zp6^<y7rm4 9^K7-fx 7 
^^&t=«tOI^*LnS^9-y bS4 5(^ffl*Saj 

[0 0 79] &te. HI 9te^f-J;-5te. SttiS^n 
M^-y b'B4 5<50^ffi±fcHf £5nm. A 1 £ 2 0 

o n mcommxmm tx nMfflm®Ji4 6 &nmr& . 

Hi 9{±<T <0©PBf <7)4^ £ ^ L T V „ £ *J0^*cf , 



[0080] zco x 5 &Lximztvte*$mM<7>mc. 

-1*7 U-A.mz?4 Hfh.tf , 56**4 4 

a#;4 o wizmmztitimzizb ^ k ©ws^s £ 

fc * < if 3tft»fc4 0 C Alt L . jt3fcfH£tt 4 0 &WX' 

km Ltzmzmmmw4 o ura^ vxfhm&izm <o as 
-r £ t s & ft . 4 4 § n & ±<m 

[008 1 ] (HJftM 5 ) H2 o fc:SBB»«JB±tN i 

h izwicommmcom^m^mmm ^t, a 2 o tcis 

65r45a3tfHE*5 0±CITO*>^4aTOW)i5 
11. PdA^|,piffltii5 1. pIGaNH 
^tSpM3>^^>JI5 2, plAlGaNK^P 
I?77FI53. GaN^^SA'UTlfcl nGa 
N^&*4#FJii:#>6 ! Sr4»3l5Ji5 4, S i b'-TG 
a N ni^ 5 -y FfB 5 5 XX/H f tAlH 

fflfflmffiii 5 6 tfjK&ttM $ ^lt ^ h . s 6 tea 

[0082] lilTte. *Sgfftf*iJ«S^ft^«#«fps 
^»3t*ffiteouTlMBJt-S„ H2 ltc^-TJ: 
dteS iSS5 8lCA 1 N^A,^r^7-N>y7rJl5 9. 
nI?7 7F!5 5, MI54. pI?5vH15 3 
fciypin^^ h«5 2 *8!KWtdB»CllWBj*W- 
5. iJCte-. pSn>-?^M5 20«i(:pSfflfI 

Pd^lOn mCOlfftlf L . 
Cctsv^T 5 0 0 °CT 3 ^raMSSr-fr^ -5 Zblzi. *) . 
p 51bpMay?7hm52b <D^im 

W £ fftt o . - i -)Tp MfflmffiJi 5 1 
bv>W?>??hm5 2bcommjT&Mi- c\bb%&, 

mz^ pmmmmms uciiiiis 1 1 1 ltm 

IlOOnmOI ?mz X 5MtS . 

[ 0 0 8 3 ] iWc, £ <?D3SBPMEJH 5 1 1 _hteS&# 1 
0 0jLtm<50raPSPSr*-r4®yffi<7)JPM-X 'y^ffll^^'X 
h 5 0k LTKJl-C' 100// m«itS . 

?xte*E«)si^ >ydf-5*te i *) ^mam^zmm^ i ^ -y 

[0084] iJcC icO^x^iOffllBBi: jS3K^£«s5 0 
«»Xl/?lpy77^7-CH\ 7 0%^07'yS 
b6 0%<DffiMb7kmm%5 : 2 : 2«lbt7M-irL^X 
7f^l(:J: , )SiSf5 8?:iSL. A1NH4 
4yN'-y7rS5 9i^aHSr@aiS^4<, ^«f*. fcfci 
fcfT-fc b V-^Ofl-Ji^TXl^^ bc?y V -y ^XSr|^£ 
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[0 0 8 5] Jfct. H2 2t5^-J:at:» K£fi£-tbtn 
I?77Kl5 5fflM_hCHfJ5nm. A 1 £ 2 0 
0 n m COWWZ'WM L T nlfflfSi 5 6 ZmfctZ . 
112 2(i<lcom t -CfO«PJ,**LTV^ 0 £SD^*tf. 
8 0 °Cg£t Mfc^S £ t T^if**- 5 -y ?ffl*fe£# 
& £ i: 4 . -sVyiZZ. *)300^mft 

[0086] £0) J: 3 £ LTfflHS^ifc^atW^SMt 

Tttt** 5 0 mzmt § nfc3B4(3 fc ^ iriWRS as -r 

KM L fc»fc3»£tt£* 5 0 WBS j&> 6 SFF*MKfc]R 0 ft 
-tit £ ^45 , H3t:JB 5 4 j&» 3 #1* 36oJf- 

[0087] ±l2#^JftCTT"^»L^a-f[:^*«#;% 

wmm^ cmmmssL o m 2 - 2 . 5 fire 
[0088] 4-®M*§ii3tiisft^®fe x vmmwu 

[0089] 

tciS3ettlB»4fc« SOG fflv ffirr x h 
[HiS^ffim^IIBJ!] 

[Hi] ggwi i ^{mmmtmawmm 

[02] iS*tt*fi*^f*^Hi£fi^J 1 c9Sffl3fc5R¥* 

[ 03 ] nl?5 7 h'JfSEUftOigfcM i ^Mlkft^ 
^fi*H^« : ?^^W^WfH0T'S,S . 

[ 04 ] 7tfi^fi mmmmmm i aaMMteK 

¥«fi*f&ft«^$fc£6^WH0T*S . 

[05] i wsfl^smwabe*?- fsatssw 
[06] ^wMcommm^m^ytm^zmi * ^ti 



[07] mmm 2 «a{tft*¥*ifi4««^ eo«^w 

[08] jS7ttt*fi*JFMf*^*Slf?iJ 2 

[09] nW7?y mmrnxDmrnm 2 z>sfl2fe$ 

[010] 7^M-i>'XN ^j£f&CDllM#y 2 eMftM 

[0ii] mmm 2 ^ft^^ttfgft*^ <nm& 

[012] hm^i 3 vMttmtmMtm&ma 

[013] sio 2 7x? mmkcommm 3 comim 

[014] jtftttx^jft&osatM 3 ^a-fb^^^ 

»fi*^*^O«^^KH0T*S . 
[015] pi/^ h'«fi^*f*tf0HSfi^J 3 WSHBSI 

[016] H»J 3 WffiflSBflHMIWfcSfeje*?- <0flfeiC 

[017] ^Sfifi?iJ4 ^fflflSHfifMt^lftJiat^eoSK 

[018] a 1 /<>y°mm&commM4<7)mtm&¥ 

[019] n^«&JlJBj£&<Q9Ot0!4 (^Sft^R 

*wfi*?&7t«-?^^e^iifffi0T-fc s . 

[020] 5 ^fflfl3fteM^W*c«MS»^fejC 

[021] Ni^.y ^fiijfMf*c7)^jtfi^j 5 emmm 

[022] n mfflttMtiBi&tfeaS&ltH 5 offifit;^ 

[023] ^*«a^^^ft^*-?co«^^=Sr 
B)Tffi0T"fcl>e 

10,20,30,40,50 ji^tt*fi^. 11,21,3 
1,41,51 pSSISI, 12,22,32,42,5 

2 pffl^y^^hif, 1 3,23,33,43,5 3 p 
m?7vVm. 14.24,34,44.54 ^31£B. 1 
5,25,35,45,55 nM^^vKJl, 16,2 6, 

3 6,46,56 nSffltfii. 1 7,27,37 p! 
A" 7 Kti. 18,28,38,48,58 Sill, 1 
9,29,39,49,59 A'77r)|, 110,210, 
310 7*M/y*XN, 211,31 1,411,51 

1 WtJMMM. 3 1 2 Si0 2 7X^, 413 A 
1^>7\ 5 14 Ni^-y^Jf. 100 A lit, 
10 1 pit- 5 '/^rjy^^ hJf„ 102 pI 
1, 103 *SttJI. 1 0 4 nSJi. 10 5 nil 
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